The initial structure was obtained from the x-ray crystal structure of trypsin-inhibitor complex (Protein Data Bank identification code: 1MCT).
Preparation of initial enzyme reactant systems
The initial structure was obtained from the x-ray crystal structure of trypsin-inhibitor complex (Protein Data Bank identification code: 1MCT). 1 First, the inhibitor was removed. Then the substrate was taken from the inhibitor sequence at the active site (Cys3-Pro4-Arg5-Ile6-Trp7-Met8) and placed at the X-ray coordinates of inhibitor. The scissile bond is between Arg5 and Ile6. Hydrogen atoms were added with all titratable residues in their normal protonation states. Next, the system was neutralized, solved, and equilibrated with a series of minimizations interspersed by short molecular dynamics simulations using Amber10 2 with periodic boundary condition. Then an extensive molecular dynamics simulation of 5ns was carried out and the trajectory is stable. A snapshot at 2 ns was randomly chosen for the subsequent QM/MM simulations.
In all above MD simulations, long-range electrostatic interactions were treated with particle mash Ewald (PME) method 3, 4 and 12 Å cutoff was used for both PME and van deer Waals (vdW) interactions. The pressure was maintained at 1 atm and coupled with isotropic position scaling. Temperature was controlled at 310 K with Berendsen thermostat method. 5 They were performed with Amber10 molecular dynamic package, 2 and amber99SB 6, 7 force fields was used.
QM/MM simulations.
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With an equilibrated MD snapshot, the QM/MM model was prepared by deleting the ions and waters beyond 27 Å from the reaction center, which was chosen as hydroxyl oxygen atom of Ser195. The resulted system contained about 9,000 atoms. The QM sub-system includes the side chains of catalytic triad (His57, Asp102, and Ser195) and the scissile peptide portion of the substrate as shown in Figure S1 . There are 38 QM atoms, and 7
pseudo atoms in total. The QM/MM boundary was described by improved pseudobond approach [8] [9] [10] [11] . All other atoms were described by the same molecular mechanical force field used in classical MD simulations. For all QM/MM calculations, the spherical boundary condition was applied, and only the atoms within 22 Å from the reaction center were allowed to move. The 18 and 12 Å cutoffs were employed for electrostatic and van der Waals interactions, respectively. There was no cutoff for electrostatic interactions between QM and MM regions. The prepared QM/MM system was first minimized and then employed to map out a reaction path with B3LYP/6-31+G* QM/MM minimizations. [12] [13] [14] have been successfully applied to study several enzymes reactions in our group. [29] [30] [31] [32] [33] [34] [35] [36] [37] Figure S1
. Illustration of the division of QM/MM system for acylation reaction of trypsin. Torsion ω /degree 173.5 ± 8.3 162.9 ± 7.4 160.5 ± 8.3 147.8 ± 5.9 145.2 ± 6.1 140.0 ± 5.5 143.8 ± 7.8
Torsion τ /degree -11.2 ± 7.9 -25.7 ± 8.2 -29.9 ± 5.8 -33.5 ± 4.2 -35.0 ± 3.8 -37.4 ± 3.2 -27.1 ± 4.4
